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Thermal energy storage (TES) is presented as a proven element to reach a sustainable and efficient management 
of any thermally driven process. The inherent thermodynamic limitations associated to a thermal system, such as 
the unavailability of an appropriate heat source, thermal losses or improvable cycle efficiencies, justify the 
implementation of a TES. In practice, numerous industrial processes present noticeable enhancement 
opportunities according to the mentioned gaps. In these terms, solar-thermal power production, intensive heat 
demanding industries (steelmaking, glass, cement production etc.), or compressed air energy storage are 
representative examples with such optimization potential. 
However, even if the deployment of a TES can be conceptually an effective solution, its implementation on real 
applications must satisfy very restrictive requirements, both, technical and economical. Considering these 
boundaries, the search of technically high performing and cost-effective TES solutions has become a priority of 
the industrial and scientific community. Among other TES concepts, packed bed has been identified in the last 
years as a very promising technology. The high operational flexibility, relative implementation simplicity, high 
thermal performance and cycle efficiency together with its highly techno-economic effective nature, confer to 
this TES alternative a particular interest.  
Although the packed bed storage concept has been widely introduced, its full implementation at commercial 
scale is still unclear. One of the issues that need to be addressed is the detailed analysis of the thermocline 
stability over multiple charge/discharge cycles. In this regard, only a reduced number of publications can be 
found dealing with this subject. From the mentioned literature review, the importance of operational parameters, 
such as the temperature drop allowed in the fluid outlet during the discharge and/or the stabilization of the 
storage unit, is emerging in a clear way. As a consequence, in order to overcome one of the main technological 
barriers of this TES concept, the complete understanding of the thermal performance under cycling conditions as 
a function of different operational parameters, needs to be addressed.  
In this line, this paper aims at providing a complete operational strategy guideline of packed bed TES systems. In 
this regard, different thermal management criteria are investigated introducing process boundaries and 
deployment requirements, depending on the TES implementation environment. In particular, three different 
strategies are analysed: i) complete charge/discharge, ii) fixed charge/discharge time exploitation, imposed by 
the heat source or eventual final heat application, and iii) fixed TES output fluid temperature tolerance. 
Furthermore, in each of the investigated scenarios, a complete thermocline stability analysis is performed by 
means of the exhaustive study of the thermal transient performance of the packed bed and the possibility of 
attaining a reproducible cycling operation. 
To perform such analysis, a complete physical model accounting for the most representative heat transfer and 
fluid flow mechanisms associated to the packed bed storage concept is developed and extensively validated with 
experimental data. As a benchmark case-study, in this paper, a 1 MWhth storage capacity TES unit is selected, 
operated with air as heat transfer fluid in the 20-700 °C temperature range. The practical interest of the selected 
storage configuration covers a double application window, from heat recovery in industrial processes to new 
solar-thermal electricity generation plants. As a heat storage solid material, a by-product from the steel 
production, slag, is selected due to its appropriate thermo-physical properties. This selection presents a very 
important added value, since its implementation in the packed bed TES system allows both, a successful 
technical solution and a cost-effective alternative, able to provide a low cost thermal storage concept. 
Overall, the results coming out from this work highlight the high dependency of the operation strategy on the 
quality of the released heat (temperature level), on the exploitation of the TES material and on the thermal 
stability under cyclic conditions. As a consequence, a complete guideline for a TES performance optimization is 
obtained as a function of the particular system deployment boundaries and requirements. Finally, this work 
evidences the importance of a satisfactory thermal management of the packed bed TES solution in order to 
unlock the full potential of this heat storage alternative. The obtained results clearly show that, together with an 
exhaustive parametric optimization analysis, to design an optimum performance system, its thermal deployment 
plays a capital role on the overall TES system deployment.  
